We introduce a new effective method to control hormone-refractory prostate cancer cells using an activated rubber/resin form (RB), far-infrared ray (FIR) emitter, with or without sodium butyrate treatment (NaB). The growth of three human prostate cancer cell lines (Du145, PC-3 and LNCaP) was suppressed in vitro and vivo by FIR, and the cells were eradicated with FIR + 3 mM NaB. G1 arrest and apoptotic pathway proteins were induced by FIR with elevated expressions of apoptosis-related transcripts in cDNA microarray. RB reflects and radiates in the wavelengths of about 4 to 25 μm in the FIR that work to suppress the growth of human prostate cancer cells. Accordingly, this technique may be used as a new therapeutic treatment in hormone-refractory prostate cancer.
Introduction
Prostate cancer is the most common type of cancer affecting men in the USA, with an estimated 218,890 new cases and 27,050 related deaths recorded in 2007 [1] . Treatment options for early-stage prostate cancer are well defined, and localized prostate cancer can be treated well with several therapeutic strategies. However, the outcome is still disappointing in advanced prostate cancer [2] . A variety of chemotherapeutic approaches, including docetaxel, are being used to control hormone-refractory prostate cancer, however, no treatment represents a complete cure, with little to no side effects [3] . Accordingly, a new effective procedure for the treatment of hormone-refractory prostate cancer is needed.
Current studies on cancer control have focused on cancer-specific genes and proteins [4] , proteins, which might contribute to the cancer control [4, 5] . However, the most difficult issue in studies related to cancer control, is cancer itself, as cancer is already established when it is studied. We know that that it often causes mutations and increases in size, which leads to the death of the host. Cancer cells also express the genes for their survival and growth that are activated in normal cells [6] . On the other hand, genes that suppress cancer growth might be silenced during cancer growth [7] . It has also been suggested that apoptotic pathways in cancer cells are suppressed [8] . Accordingly, a potential avenue for cancer therapy may involve the activation of apoptotic processes or up-regulation of related downstream genes. In order to reactivate these suppressed genes, we focused on treatments with both, far-infrared rays (FIR) and sodium butyrate (NaB), natural histone deacetylase inhibitor (HDACi) in human intestine cells. Under conditions in which interspaces among histones are open widely for NaB as one of histone deacetylase inhibitors, and more molecular collisions in nuclei occur with an increase of temperature induced by far-infrared rays, various kinds of transcription factors have more chances to have access to the promoter regions of the targeted genes.
For the purpose of reactivation of the genes necessary for suppression of cancer, we chose an activated rubber/resin form made of natural or synthetic rubber/resin (RB) originally applied to a wetsuit, and known to be far-infrared ray emitter. We assessed the ability of this activated form in combination with NaB and checked whether it can suppress human DU145, PC-3 and LNCaP prostate cancer cells [9, 10] . Furthermore, a new model to explain the observed efficacy of RB in the growth control of prostate cancer cells using the Planck and Arrhenius formula is proposed [11, 12] . This study shows that far-infrared rays suppressed the growth of human prostate cancer cells both in vitro and in vivo, and eliminated these cancers completely with low concentration of NaB in vitro. In addition, far-infrared rays promoted the growth of human prostate epithelial cells. The increase of the temperature by 0.36°C in the irradiated area of far-infrared rays generated the thermoflow which resulted in up-regulation of the genes involved in cell cycle arrest, apoptotic pathways in human prostate cancer cells.
Experimental Procedures

Measurement of culture medium temperature
The temperature of the culture medium exposed to RB was measured in an atmosphere of 5% CO 2 at 37°C using a digital thermometer, after the door of the incubator was kept closed for 30 min. The activated form (RB) made of natural or synthetic rubber/resin was obtained from Yamamoto Corporation (Osaka, Japan) ( Figure 1a ). RB consisted of rubber, lime stone, and compound of zirconium and germanium in a honeycomb structure comprised of micron-sized cells (20-30/mm 3 ), and had the ability to reflect and radiate far-infrared rays (4-25 µm).
Cell culture and reagents
The human prostate cancer cell lines, DU145, PC-3 and LNCaP were obtained from American Type =25 μm). Spectral Transmission of RB in the infrared region was measured, and transmittance was Zero (0) at 4000 -400 cm -1 (data not shown). (c) Prostate cancer cells were cultured in 10-cm dishes which were exposed to RB whose silver color side toward cells. (d) Prostate cancer cells were cultured with or without RB for 21 days, and NaB was then added to the culture medium at 2 mM for 7 days.
Culture Collection (Manassas, VA, USA). The prostate epithelium cell line, PrEC, was obtained from Lonza Inc. (Conshohocken, PA, USA). DU145 cells were maintained in minimum essential amino acids medium supplemented with 10% heat-inactivated fetal calf serum (FCS), 2 mM l-glutamine, 100 U/ml penicillin G and 0.1 mM non-essential amino acids in an atmosphere of 5% CO 2 at 37°C. PC-3 and LNCaP cells were maintained in F-12K and RPMI medium with the same supplements, respectively. PrECs were maintained in prostate epithelial cell basal medium (PrEBM TM ) supplemented with 0.4% BeP (benzopyrene), 0.1% hydrocortisone, 0.1% HEGF, 0.1% epinephrine, 0.1% transferrin, 0.1% insulin, 0.1% retinoic acid, 0.1% triiodothyronine, 0.1% GA-1000, 50 mg/ml and 50 µg/ml Anhoterishin-B in an atmosphere of 5% CO 2 at 37°C. NaB was obtained from Sigma-Aldrich Chemie (Steinheim, Germany) and was dissolved in PBS.
Spectral emissivity of RB
RB is known to emit far-infrared rays to the same extent as a dummy black body does. The spectral emissivity in the 4-25 µm (2500-400 cm -1 ) region was measured at 90°C by SHIMADZU Fourier transform infrared spectrophtometer FTIR-4300. The spectral emissivity of dummy black body and RB are shown in Figure 1b . Conversion formula from the wave number (cm 1 ) to the wavelength (µm) is shown as Xµm =10000/Y cm -1 (for example: 10000/400 cm -1 =25 µm). Spectral Transmission of RB in the infrared region was measured by SHIMADZU infrared spectrophotometer IR-470. Transmittance was Zero (0) at 4000 -400 cm -1 (data not shown).
Growth inhibition in cell culture
For determining cell proliferation, viable cell counts were obtained using the Cell Proliferation Kit II (Roche Diagnostics, Mannheim, Germany) based on the XTT assay [13] . In brief, prostate cancer cells (1*10 5 ) were cultured for 21 days in 10-cm dishes with or without triangle form RB (base * height * width: 14 *12 * 0.8 cm) (Figure 1c) . When the cells became 70-80% confluent, they were subcultured. Finally, the prostate cancer cells (1*10 3 ) were seeded in 96-well plates, and subsequently, the medium was changed to NaB (1, 2 or 3 mM) containing medium for further 8 days, with or without RB (Figure 1d ).
The medium was changed after 2 and 5 days. Fifty microliters of XTT labeling mixture was added to each well on day 8. After 4 h incubation at 37°C, the medium in each well was measured at OD 450 and OD 650 in a SpectraMax microplate reader (Molecular Devices, Kobe, Japan). Standard curves were obtained by assaying known numbers of viable cells of each cell line. Each assay was done in quadruplicate.
cDNA microarray analysis
Total RNA was prepared from DU145, PC-3, and LNCaP cells using the Isogen kit (Nippon Gene, Osaka, Japan) after 1, 2, 7, 14 and 21 days, culture in the presence or absence of RB. The fluorescently labeled cRNA targets were prepared by incorporation of CyDye-NTP through in vitro transcription, as previously described [14] . Aliquots of 200 ng of total RNA extracted from experimental and control cells were labeled using RNA Transcript Sure LABEL Core Kit (Takara Shuzo, Shiga, Japan) with Cy5-UTP and Cy3-UTP (GE Healthcare, Buckinghamshire, England), respectively, in each paired case. We used the commercially available IntelliGene HS Human Expression chip (TAKARA BIO, Otsu, Japan). Labeled probes were mixed with hybridization solution (6× SSC, 0.2% SDS, 5× Denhardt's solution, 0.1 mg/ml denatured salmon sperm DNA, 50% formamide). After hybridization for 16 h at 65°C, the slides were washed twice in 2× SSC and 0.1% SDS for 5 min at 65°C, then in 2× SSC and 0.1% SDS for 5 min at 65°C, and finally rinsed in 0.05× SSC for 5 min at room temperature. The slides were scanned using the Affymetrix 428 scanner (Santa Clara, CA, USA).
For data analysis, the signal intensity of hybridization was evaluated photometrically by the ImaGene computer program (BioDiscovery, El Segundo, CA, USA). A cutoff value for each expression level was calculated according to the background fluctuation. The fluctuation was estimated as the variance of the log ratio of Cy3/Cy5. The genes which showed strong signal intensity were independently confirmed by RT-PCR [15] .
Analysis of hierarchical clustering
Hierarchical clustering was applied to both axes using the unweighted pair-group method, with the arithmetic average as implemented in the program GeneSpring 5.1 (Agilent Technologies, Santa Clara, CA, USA). The distance matrices used were uncentered correlation calculated on the basis of log-transformed (base 2) expression ratio for gene clustering. Data were analyzed through the use of lngenuity pathways Analysis (lngenuity ® Systems,www.ingenuity.com).
Cell cycle and apoptosis analysis
The prostate cancer cells (1*10 5 ) were cultured in each culture medium for 21 days in 10-cm dish with or without triangle form RB. When the cells became 70-80% confluent, they were subcultured. Subsequently, cells in complete medium were seeded on to sterile glass slides, and cultured in 35-mm dishes with or without RB. 28 days later, the cells growing on the slides were fixed in 99% ethanol for 30 min, stained with 50 µg/ml PI (Sigma-Aldrich Chemie) solution containing 100 µg/ml RNase A (Sigma-Aldrich Chemie), and then incubated at 37°C for 30 min. The slides were then rinsed with PBS, and covered with mounting medium [30% glycerol in PBS] and a glass cover slide (Matsunami Techno, Tokyo, Japan). Cells that had adhered to the slides in an area measuring 5×5 mm were scanned with an LSC2 laser scanning cytometer (CompuCyte, Cambridge, MA, USA). DNA histograms were analyzed using Wincyte software (Cambridge, MA, USA) to evaluate the cell cycle components and count the cells with a fractional DNA content or 'sub-G1 peak', which is typical for apoptosis [16] . At that moment, the apoptotic cells were examined under a laser scanning microscope (Olympus BX51; Olympus Optics, Tokyo, Japan) [17] .
Western blotting
Cells were rinsed twice with PBS and lysed with PBS supplemented with 1% NP40, 20 mM Tris (pH 8.0), 150 mM NaCl, 1 mM EDTA, 10% glycerol, 1 mM PMSF, 5 mM benzamidine, 2 mM NaVO 4 , 10 µg/ml aprotinin, 1 µg/ml pepstatin, 0.1% β-mercaptoethanol (β-ME), 20 U/ml ulinastatin, 5 µg/ml leupeptin, 0.5 mM DTT, 50 µg/mM 4-(2-aminoethyl) benzenesulfonyl fluoride hydrochloride (AEBSF) and 2 µg/ml antipain. The lysate was gently rotated for 30 min at 4°C and centrifuged at 15 000 rpm for 30 min at 4°C. The supernatant was analyzed for protein content using a BCA Protein Assay Kit (Pierce, IL, USA). For gel electrophoresis, the supernatant containing 30 µg protein was electrophoresed on 12.5% gradient SDS-PAGE and blotted onto a PVDF membrane for 30 min. The blotted membrane was treated with 5% skim milk in 25 mM Tris, 150 mM NaCl and 0.1% Tween-20 and incubated overnight at 4°C with the following primary antibodies: anti-p21 (1:200), anti-p27 (1:200), atin-CDK2 (1:500), anti-CDK4 (1:500), anti-CDK6 (1:500), anti-procaspase-3 (1:1,000), anti-PARP (1:500), antiFas (1:500), anti-FADD (1:250), anti-TRADD (1:250), anti-Bcl-2 (1:500), anti-Bcl-xL (1:500), anti-Bax (1:250), and anti-actin (1:2,000). All primary antibodies were purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA). The membranes were washed and incubated with polyclonal goat anti-mouse IgG or goat anti-rabbit IgG (Vector, Burlingame, CA, USA). The membrane was rinsed, treated with enhanced chemiluminescent (ECL) reagents (Amersham, Buckinghamshire, England) and exposed to an R×100 film (Fuji, Tokyo, Japan). Bands were analyzed by a densitometer (ATTO Densitograph software, Tokyo, Japan) [18] .
Animals
Animals in the experiments were all treated under strict ethical rules with permission of the committee of animal experiment in our facility. Four-week old BALB/c nu/nu mice weighing 18-20 g were obtained (CLEA Japan, Tokyo, Japan). Mice were housed in CL-0104-1pc cages (CLEA Japan) with the dimensions 32.8 x 22.5 x 13.0 cm (0.3 cm in width). Each cage contained four mice and six cages were kept in a controlled temperature (22-24°C) and humidity (30-50%), under specific pathogen-free conditions. The cages were covered with RBs except the water bottle and food area. Two rhomboid forms of RBs (major axis * minor axis * width: 25 *14.5 * 0.9 cm each) were placed at the bottom of cage, and on the ceiling of shelf at the distance of 10.8 cm from the top of cage. In addition four sides of mouse cage were covered with RBs (8.8 * 8.8 * 0.4 cm a piece, 14 square forms as total). Three cages were exposed to FIR from RB were placed separately another three cages without exposing to FIR at the distance of 90 cm in order not that FIR affect mice in the cages without RB. Food and tap water were given ad libitum.
Tumor xenograft studies
Prostate cancer cells (DU-145, PC-3 and LNCaP cells) (3 × 10 6 viable cells/mouse) were suspended in 100 µl of Matrigel (BD Biosciences, CA, USA) and inoculated subcutaneously on each side of the hind back of 24 nude mice. The mice were randomly divided into two groups. One group was treated with RB and the other not treated with RB. The tumor volume was estimated by V = ab 2 /2, where a and b are the length and width of the tumor, respectively. To evaluate antitumor effects of RB, the size of tumor and body was measured five times per week. Mice implanted PC-3 and DU-145 were sacrificed on the 81 th day, those implanted LNCaP on 22 nd day, and tumors were collected for TUNEL staining and electron microscopic studies.
TUNEL
Tissues were processed according to standard procedures and cut into serial 5 µm-thick sections. Terminal deoxynucleotidyl transferase (TdT)-mediated deoxyuridine triphosphate (dUTP)-digoxigenin nick end labeling (TUNEL) staining was performed according to manufacturer's protocol. Sections were deparaffinized, and TUNEL was accomplished using the MEBSTAIN Apoptosis Kit Direct (MEDICAL & BIOLOGICAL LABORATORIES, Nagoya, Japan). The sections were treated with proteinase K before incubation with TdT and FITC-dUTP in a humidified chamber at 37°C for 1 h. After several washes in PBS, the sections were incubated with Propidium Iodide for 20 min at 4°C and mounted with mounting medium (90% glycerin, 10% PBS) under a coverslip. TUNEL-stained tissue sections were examined under a fluorescent microscope. The PI staining (red) was examined through a 520 nm filter at 100 and 400 magnification. The same area was then examined for apoptotic staining (bright green) using 590 nm filter at a magnification ×400. Apoptotic cells were identified when both TUNEL staining and DNA strand breaks were observed [19] .
Statistical analysis
Unpaired Student's t test was employed to assess the statistical significance of the difference between RB-treated and non-RB-treated groups. P<0.05 was considered to be statistically significant.
Results
Spectral emissivity in the infrared region
Spectral emittance from 4 to 25 μm was close to 100% (Figure 1b) . Transmittance was Zero (0) at 4000 -400 cm -1 (data not shown). The temperature of the medium increased by 0.36°C (37.32±0.405 vs. 37.68±0.440, n=12) by FIR emitted from RB which were placed up and down outside the culture dish (Figure 1c ).
Effects of RB ±NaB on prostate cancer cells
Experiments were commenced after the cell lines were cultured for 21 days, with or without RB, as preliminary cDNA microarray data showed incremental increases in mRNA expression from day 1 to 21 (data not shown).
Interestingly, a significant decrease in cell proliferation was observed in DU145, PC-3, and LNCaP cell lines after 29 days of treatment. However, each cell line showed different responses to RB, NaB and RB+NaB. After 29 days, RB inhibited cell proliferation by 59.2% (P<0.0001) in DU145 cells (Figure 2a and Table 1 ), 56.9% P<0.0001) in PC-3 ( Figure 2b and Table 1) , and 31.5% (P<0.0001) in LNCaP cells ( Figure 2c and Table 1 ). Treatment with RB+NaB (2 mM) showed a stronger inhibition of cell growth (99.1%) than treatment with 2 mM NaB alone (4.4%) after 29 days (P<0.0001) in DU145 cells (Figure 2a and (Figure 2c and Table 1 ). The cells (DU145, PC-3 and LNCaP) with RB treatment died in the presence of 3 mM NaB. Taken together, this data indicates that hormone-refractory Representative results of hierarchical clustering human cDNA (1.2 kb) microarray analysis after 21 and 28 days exposure to RB are shown. RB showed remarkable activation of mRNA in DU145, PC-3, and LNCaP cells. In combination of 2 mM NaB for 7 days which the culture media were exposed by RB for 21 days, mRNA expressions were intensified in the presence of 2 mM NaB which the culture media were exposed by RB for 21 days. (b) mRNA of TNF associated genes activated in the presence of RB for 21 days. Each row represents the mean of signal log ratios using a color-code scale. Red represents expression that was two-fold greater than the reference value; pink represents expression that was 1.4-fold greater than reference; and green represents expression that was 0.5-fold less than reference. a b prostate cancer cells DU145 and PC-3 were significantly suppressed by RB+NaB, which had a stronger growth inhibitory effect than that of NaB alone.
Human prostate epithelial cells were subjected to the same treatment. After 21 (RB) + 8 (NaB + RB) days, 1, 2 and 3 mM NaB inhibited cell proliferation by 27.3% (P<0.01), 24.0% (P<0.01) and 24.3% (P<0.01), respectively ( Figure 2d and Table 1) . Surprisingly, we observed a significantly increase in the number of normal prostate epithelial cells following RB+NaB treatment. Eight days treatment with RB + NaB (0, 1, 2 and 3 mM) after 21 ( Figure 2d and Table 1 ). These results suggest that while FIR is non toxic to human prostate epithelial cells, NaB is toxic to a certain extent. Interestingly, FIR emitted from RB increased the number of human prostate epithelial cells in culture.
Gene expression on cDNA microarray
Expression of mRNA in the presence of RB was observed from day 1, and increased up until day 21 in the preliminary experiment. Representative results of hierarchical clustering human cDNA (1.2 kb) microarray analysis after 21 and 28 days' exposure of cells to RB is shown in Figure 3a . RB showed remarkable activation of mRNA in DU145, PC-3 and LNCaP cells after 21 and 28 days. In combination of 2 mM NaB for 7 days whose culture medium were exposed by RB for 21 days, mRNA expression was significantly up-or down regulated in this group in comparison with that without RB. mRNA for TNF associated genes related to apoptosis was upregulated ( Figure 3b ) which was confirmed by RT-PCR. mRNA related to MAP kinase and ubiquities pathways were unchanged by RB treatment (data not shown). No specific changes to the expression of signal transduction of growth factors and bone marrow function were observed on cDNA microarray (data not shown).
Effect of RB on the prostate cancer cell cycle
In the cell cycle analysis, RB decreased the percentage of DU145 cells in S phase ( Figure 4a and Table 2 ). The result of laser scanning cytometry indicated a 71% (P<0.01) decrease in the S phase fraction of cells when DU145 cells were treated with RB for 28 days. NaB also inhibited the proression of DU145 cells from G 0 /G 1 to S phase. These results indicated that RB induced G 1 arrest. Similar changes were observed in PC-3 and LNCaP cells ( Figure 4a and Table 2 ). These results suggest that inhibition of deregulated cell cycle progression is one of the molecular events associated with selective anticancer efficacy of RB in prostate cancer cells. The regulatory proteins of the checkpoint of G 1 /S such as CDK inhibitors (p21 and p27), CDK2, CDK4 and CDK6 were affected by RB and RB+NaB treatment. The results showed that the expression of p21 and p27 was significantly increased in DU145 and PC-3 cells with RB and RB+NaB treatment, but not in LNCaP cells. The expression of CDK2 was decreased in LNCaP cells, and the expression of CDK4 was decreased in DU145 and PC-3 cells with RB and RB+NaB treatment. The expression of CDK6 was decreased in DU145 and PC-3 cells with RB treatment, but increased by RB+NaB (Figure 5a ). These results suggest that RB and RB+NaB caused G 1 arrest by up-regulation of p21 and p27 expression in DU145 and PC-3 cells, and inhibition of CDK2, CDK4 or CDK6 in all prostate cancer cells.
RB ± NaB induce apoptosis in prostate cancer cells
After treatment of prostate cancer cells with RB for 28 days, apoptotic cells were detected by laser scanning cytometry. DU145, PC-3 and LNCaP cells treated with RB for 28 days exhibited a sub-G 1 peak in laser scanning cytometry (Figure 4a ). Cell morphology under laser scanning microscopy showed condensed and fragmented nuclei in these prostate cancer cells (Figure 4b) . The results showed that RB induced apoptosis in all three prostate cancer cell lines. Several proteins, including poly (ADP-ribose) polymerase (PARP), play an important role in the condensation and degradation of cell chromatin through apoptotic death. The cleavage of PARP protein is considered as an important biomarker of apoptosis. RB treatment caused a moderate degradation of pro-PARP protein in LNCaP cells. RB+NaB treatment caused significant degradation of pro-PARP protein in all prostate cancer cells, and its degradation was stronger than that with NaB treatment (Figure 5b ). These results suggested that RB and RB+NaB induced apoptosis of prostate cancer cells by activating PARP cleavage.
We also analyzed the level of caspase-3, which is known to be the main mediator of apoptosis in most mammalian cells. We showed that the expression of procaspase-3 was significantly down-regulated in DU145, PC-3 and LNCaP cells undergoing apoptosis during treatment with RB (28 days) + NaB (7 days), and the degradation was stronger than that with NaB (7 days) treatment alone. Expression of procaspase-3 was also significantly down-regulated in LNCaP cells and slightly down-regulated in PC-3 cells during treatment with RB for 28 days (Figure 5b ). These results suggested that RB-and RB+NaB treatment induced apoptosis of prostate cancer cells were mediated through caspase-3.
RB treatment caused significant induction of Bcl-2 and Bcl-xL expression. Furthermore, expression of Bcl-2 was significantly decreased in LNCaP cells, Bcl-xL expression was moderately down-regulated in PC-3 and LNCaP cells, and Bax expression was not significantly changed in PC-3 and LNCaP cells (Figure 5b) . In DU145 cells, Western blot analysis did not reveal the presence of Bcl-2 or Bax. Treatment of cells with RB+NaB significantly induced the expression of Bcl-2 in PC-3 cells, and the degradation was stronger than that with NaB treatment. These data suggested that RB and RB+NaB induced apoptosis of PC-3 and LNCaP cells through the Bcl-2-and Bcl-xL-mediated apoptosis pathway.
As shown in Figure 5b , DU145 and LNCaP cells treated with RB+NaB exhibited a significant increase in the expression of TRADD and FADD, death adaptor proteins, an increase which was greater than NaB treatment alone. DU145 cells treated with RB also exhibited a significant increase in the expression of Fas death receptor protein. This data suggests that RB induced apoptosis of DU145 cells through a Fasmediated pathway. RB+NaB also induced apoptosis in DU145 and LNCaP cells through a Fas-mediated pathway.
Apoptotic effect of RB on tumor growth in vivo
We examined the inhibitory effects of RB to the growth of prostate cancer cells transplanted into nude mice. The growth curves for prostate cancer xenografts are shown in Figure 6a- (Figure 6d ).
Discussion
The response of hormone-refractory prostate cancer to chemotherapy remains modest, necessitating the search for new forms of treatment to improve the prognosis. This study shows that exposure to FIR is effective in inhibiting the growth of human prostate cancer cells (DU145, PC-3 and LNCaP).Furthermore, FIR with NaB treatment at low concentrations (3 mM), induced complete eradication of these cancer cells in vitro. In addition, tumor growth of all three prostate cancer cells was also significantly suppressed by FIR in vivo. Our data also suggests that FIR-induced growth inhibition of cancer cells was associated with strong G 1 phase arrest, by increasing p21 expression, which resulted in CDK2, CDK4 or CDK6 down-regulation. The apoptosis induced by FIR and FIR+NaB is thought to be mediated by a Bcl-2 and Fas signaling pathway.
The genes involved in the suppression of cancer growth are more or less down-regulated in patients with cancer, which results in oncogene-activation in these patients [7] . Although such conditions may be induced by gene mutations, only about 10% of all cancers arise from known mutations. Analyses of cancer-related genes are very difficult in this aspect, because mutations acquired during the growth of cancer can only be detected after the establishment of cancer. The total number of genes in humans is 20 000-25 000 [20] , but the number of active genes decreases with aging [21] .
It is well known that histone acetyl transferase opens up the space of histones allowing specific transcription factors to bind the promoter to activate the gene. On the contrary, histone deacetylase (HDAC) keeps tight chromatin structure by deacetylation, resulting in inhibition of gene expression [22] . If cells are exposed to HDAC inhibitors, chromatin may remain active thereby facilitating the reactivation of suppressed (silent/ inactive) genes.In addition, an increase in temperature may give more chances for transcription factors to bind the promoters by increasing rate of molecular collisions according to Arrhenius plot.
Taking into consideration that various kinds of gene activation on cDNA microarray clustering analysis, and the inhibition of cancer growth observed by exposure of prostate cancer cells to RB, it appears that FIR plays an important role in the gene activation. The reason why RB has such high emittance of far-infrared rays may be in the diameter of a cell space (20 to 30 air containing honey-comb structure cells/mm 3 ) in the RB which could be equal to half wavelength of far-infrared rays in a certain range. When a spectral emittance was measured, it was found that RB has a spectral emittance equal to that of a virtual black body similar to a sunspot in the area from 4 to 25 mm.
The temperature difference after exposure of the culture medium to RB is only 0.36°C. The main wavelength of far-infrared rays emitted form RB is 4-25 µm. Calculating from the velocity of light, the frequency of far-infrared rays at 4-25 µm is 1.2 ~ 7.5 * 10 13 , which is not a sufficient energy level to increase the temperature of the culture medium by 0.36°C. The energy needed to increase the temperature of 1 g water by 1°C is 4.184 J. Therefore, 1.51 J would be required to increase the temperature by 0.36°C. From Planck's formula, the number of photons to give this energy is 3.0 k * 10 20 (k : ratio to a black body) in a case of 4 µm FIR if we neglect some radiation loss. But we assume that FIR behaves as if it is a single photon, and then a wave at the frequency of 2.27*10 33 /s that might be generated from molecular resonance responding to FIR induces this energy [23] . We assume that there exists the structure-based substance wave at frequency of 2.27*10 33 /s, which is probably generated from molecular resonance in culture media and cells when they are exposed to FIR. The higher temperature increases molecular collision rate among molecules according to the equation of the Arrhenius plot [24] . This mechanism can explain re-activation of apoptotic pathway through mRNA reexpression observed in our experiments (Figure 3a and 3b). Acetyl transferase alters chromatin structure and dynamically affects transcription regulation. HDAC inhibitors keep an altered chromatin structure and are highly effective in up-regulating suppressor gene expression. The increased temperature induced by farinfrared rays may lead to up-regulation of suppressor and/or apoptotic genes, especially in the presence of HDAC inhibitors in cancer cells. In this study, treatment of cells with RB+NaB significantly induced expression of Bcl-2 and Bcl-XL, and considerably increased expression of TRADD and FADD proteins.
Apoptosis plays an important role in the renewal of the normal and neoplastic prostatic epithelium, and reduced apoptosis is associated with the progression of locally invasive prostate cancers to metastatic disease [25, 26] . Restoring apoptosis has been suggested as a possible therapeutic strategy, therefore, a great deal of research has been devoted to understanding the abnormalities in the cellular machinery that cause resistance to apoptosis in prostate cancer cells [26] . Increasing evidence indicates that impaired ability to undergo apoptosis plays an important role in the evolution from androgendependent to androgen-independent prostate cancer, as well as drug resistance [27] . Thus, much effort is being directed toward finding ways to increase apoptosis in prostate cancer. In this study, we showed that FIR and FIR+NaB induced apoptosis. In addition, it is very important that FIR did not harm the growth of normal prostate epithelium, and rather increased the number of normal prostate epithelial cells in the presence of NaB, otherwise growth was suppressed by NaB.
The cDNA microarray data showed that transcripts involved in the signal transduction of growth factors and bone marrow function were unaltered. This seems to be natural, since all creatures including human beings are exposed to FIR from sun. This is the first report demonstrating the biological action of FIR in prostate cancer cell lines. We demonstrated that prostate cancer cell lines are sensitive to FIR and FIR+NaB in vitro and in vivo. Two distinct signaling pathways were involved in FIR-mediated cell growth arrest and induction of apoptosis. Taken together, these results may represent the beginning of a new therapeutic treatment for hormone-refractory prostate cancer, and theoretically FIR might be helpful to control various kinds of cancer.
